A 2-year study was conducted to determine the incidence of Pasteurellaceae in abortion samples submitted for diagnostic evaluation. A total of 687 cases, including 623 with fetal tissues and/or stomach contents and 302 with placenta and/or uterine discharge, were evaluated. Pasteurellaceae were isolated on a nonselective medium from 9 (1.5%), 14 (2.8%), 13 (12.1%), and 42 (17.4%) of the fetal tissues, stomach contents, uterine discharges, and placentas, respectively. A total of 35 (19.9%) of 176 placental samples cultured on both a selective medium for Pasteurellaceae and a nonselective medium were positive for Pasteurellaceae. Fifteen (42.9%) of these isolates were detected only on the selective medium, whereas 5 (14.2%) were detected only on the nonselective medium and 15 (42.9%) grew on both media. Placentitis of different severity was evident in 13 (68.4%) of the 19 placentas from which Pasteurellaceae were isolated in the absence of other known abortifacient agents.
The Pasteurellaceae, including Actinobacillus, Haemophilus, and Pasteurella species, are common commensals of mucous membranes of domestic animals. These organisms are most commonly found in the nasopharynx, but some, most notably H. somnus, are frequently isolated from the prepuce and vagina of clinically normal cattle. Stresses associated with shipping, severe weather, poor nutrition, and concurrent viral or mycoplasmal infections can act as predisposing factors, which allow these commensal organisms to gain access to the lower respiratory tract and cause disease. Sequelae may then include septicemia, thromboembolic meningoencephalitis (TEME), and abortion. Abortions may also occur as a result of invasion by organisms from the vaginal mucosa. Such invasion could be enhanced by the same or similar factors as those that result in respiratory disease.
Pasteurellaceae have been incriminated in sporadic cases of infertility and abortion of cattle. 4, 6, 9, 13, 14 These organisms were inconsistently recovered from fetal tissues or fluids but were isolated in high numbers from placental and uterine samples from cases of naturally occurring abortions. l4 This isolation pattern has also been observed in cases of abortion following experimentally induced septicemia with H. somnus. l6 The role of these organisms as causes of bovine abortion may be underestimated because of the bacterial testing procedures, which are generally limited to the fetus. The purposes of this study were to culture uterine fluids, From the University of Idaho, Caine Veterinary Teaching Center, WOI Regional Program in Veterinary Medicine, 1020 E. Homedale Road, Caldwell. ID 83605. placenta, and fetal samples for Pasteurellaceae and to compare the effectiveness of selective and nonselective media for their isolation.
Materials and methods
Abortion samples. Samples representative of 687 bovine abortion cases were submitted during a 2-yr period to the Washington Animal Disease Diagnostic Laboratory (WADDL) bacteriology section for diagnostic evaluations. The type and number of samples varied among cases.
Culture procedures. Fetal tissues, usually lung and liver and, on occasions, spleen and/or kidney, were placed in a plastic bag a with fluid minimal essential medium b (MEM) or brain-heart infusion c (BHI) broth. The bag was placed in a tissue homogenizer a and processed for approximately 30 sec. The placental tissues were processed in a similar manner but frequently required more processing time to produce significant tissue disruption. These tissue suspensions, uterine discharges, and stomach contents were inoculated onto a nonselective Columbia blood agar c (CBA) with 7% bovine blood and a selective blood agar (SBA) for Campylobacter. 2 In addition, some of the placental and uterine samples were inoculated onto a modified Columbia blood agar (CBA-B), which had been developed 12 and evaluated 15 for selective isolation of Pasteurellaceae. This medium contained 50 µg sodium azide, 100 µg cyclohexamide, 1 µg nystatin, 5 µg vancomycin, 1 µg thiamine monophosphate, and 0.05 ml bovine blood/ml CBA base. All samples, with the exception of placenta, were also cultured in thioglycollate. c The CBA and CBA-B plates were incubated in candle extinction jars or in an incubator with an atmosphere of 10% CO 2 . The SBA plates were incubated in closed containers in which commercially available gas generating envelopes d were used to produce an environment rich in H 2 and CO, gases to enhance growth of Campylobacter. All media were incubated at 35 C and evaluated after 24, 48, and 72 hr incubation. Bacterial Presented at the 31st Annual Meeting of the AAVLD, Little Rock, isolates were identified by standard procedures. 1 AR, October 15-18, 1988.
Histological procedures. Histological examinations were
Received for publication October 18, 1988. conducted on samples that were received in 10% formalin. Hematoxylin and eosin (HE)-stained sections were routinely prepared for each tissue. Additional sections were stained with a modified Gram stain for bacteria and a silver stain for detection of fungi when gross appearance or histological lesions were compatible with the presence of those organisms.
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Results
Pasteurellaceae were isolated from 78 samples representative of 68 of the 687 abortion cases for a 9.8% overall isolation rate ( Table 1 ). The greatest number of isolations were from placental samples and the least from fetal tissues. Pasteurellaceae were isolated from more than 1 of the samples from 8 of the multisample cases. These isolates were identified as the same organism in 7 of the cases and different, i.e., Pasteurella haemolytica and P. multocida, from the placental and fetal tissues, respectively, in the other case. One placenta and 1 stomach content sample from 2 additional cases were positive for both H. somnus and Pasteurella.
The isolation rates from placental tissue, uterine fluid, fetal tissues, and fetal stomach contents were 17.5%, 12.1%, l.5%, and 2.8%, respectively ( (3), H. somnus (17), H. paracuniculus (l), a nonspeciated Haemophilus (l), P. aerogenes (l), P. haemolytica (23), P. multocida (11) , and nonspeciated Pasteurella isolates (21). The nonspeciated Pasteurella were biochemically similar to P. haemolytica but failed to produce any hemolysis on CBA and/or did not grow on MacConkey's agar.
Bacteria isolated in addition to the Pasteurellaceae from abortion cases included species belonging to the genera Actinomyces, Brucella, Campylobacter, Listeria, and Salmonella. Of the above organisms, only Actinomyces pyogenes and Campylobacter were isolated in association with Pasteurella from abortion cases. Actinomyces pyogenes was isolated from the placenta and uterine samples but not from fetal tissues or stomach contents of 1 case and was isolated from the placenta but not the uterine fluid or fetal tissues from 2 other cases from which P. haemolytica was isolated from the placentas. Actinomyces pyogenes was also isolated from the placenta, fetal tissues, and stomach contents of 1 case and placenta and fetal tissues of a second case from which nonspeciated Pasteurella were isolated from the placental samples. Campylobacter venerealis was also isolated from the placenta of the first of the latter 2 cases. Aspergillus sp. was isolated from the placenta and uterine sample from 1 case that also yielded H. somnus from both of these samples, but neither organism was isolated from the fetus.
Tissues from 31 of the 68 cases positive for Pasteurellaceae were examined histologically. Placentas were Three of 4 placentas from which P. multocida was isolated had slight diffuse increased cellular infiltration to multifocal necrosis and marked cellular infiltration. The lesions observed in placentas from which nonspeciated Pasteurella were isolated were similar to those observed in placentas that cultured positive for P. haemolytica. Actinomyces pyogenes and Campylobacter venerealis were both isolated from fetal tissues of one of the cases, and infectious bovine rhinotracheitis (IBR) virus was isolated from another of the cases that was culture positive for nonspeciated Pasteurella. No other known abortifacient agents were detected in any of the other cases with evidence of placentitis.
Discussion
Pasteurella haemolytica, P. multocida, and H. somnus have been detected in the oviducts and uteri of nonpregnant cows. 4, 9 These infections were probable causes of infertility and early abortions or fetal resorption. Abortions due to H. somnus have been produced experimentally by inoculating cows at various stages of gestation by intra-amniotic 8 routes? Inoculation into the external OS of the cervix of cows at 6-9 months gestation resulted in uterine infections in 4 of 6 cows but did not produce abortion.' The failure of infection via the cervix to result in abortion could be due to lack of virulence, the stage of gestation at the time of infection, or localization of the infection to the cervical region.
and intravenous
In this study, a variety of Pasteurellaceae were iso- Sporadic abortions due to P. multocida, P. haemolytica, and H. somnus have been previously recognized, 4, 6, 9, 13, 14 but these causes have generally been treated as insignificant because of assumed low incidence. The incidence of fetal infection following experimental inoculation has been low relative to placental and uterine infections. 8, 16 The 1.5% isolation rate of Pasteurellaceae from fetal tissue in this study is comparable to the 0.5% isolation rate reported in another study. 3 Based on the reported results of experimentally induced infections, a higher incidence of placental and uterine infections would be expected for naturally occurring abortions caused by Pasteurellaceae. The isolation rate from placentas and uterine samples evaluated in this study appears to justify that expectation.
Contamination of uterine and placental samples is a problem for detecting the presence of Pasteurellaceae and evaluating the role of these organisms as causes of abortion. The uterus is commonly infected by a variety of bacteria following normal parturition or abortion, 5, 11 and placentas are generally contaminated with fecal material. The use of a selective medium was of great value in the isolation of the organisms from contaminated samples with 42.9% of placental isolates being detected only on this medium. The placental lesions described in this study are similar to those caused by H. somnus. 13, 16 Placentitis was detected in all but 3 of the 19 Pasteurellaceae-positive placentas evaluated for histopathology. The presence of other known abortifacient agents in 3 of the remaining 16 cases may have contributed to placentitis in those cases. The role of Pasteurellaceae as the cause of placentitis appears probable in the other cases in which placentitis was evident in the absence of other abortifacient agents. However, members of the Pasteurellaceae from the vagina, nasal discharge, or fecal contamination may be present on the surface of the placenta and would be detected by culture procedures. Additional studies are needed to establish methods of detecting Pasteurellaceae within placental tissue and to differentiate between organisms involved in infection and those that may be present as contaminants on the tissue surfaces.
